Objective: To assess the relative validity and acceptability of the computerised 24-h recall 'Young Adolescent's Nutrition Assessment on Computer (YANA-C)'. Design: Food and nutrient intakes assessed with YANA-C were compared with food records (study 1) and 24-h dietary recall interviews (study 2). Main outcome measures: Intakes of food groups (fruit, fruit juice, vegetables, potatoes, bread, cereals, milk, cheese, other milk products, soft drinks, diet soft drinks, sugar/sweets, pastry/cookies, savoury snacks, butter/sauces, eggs, fish, meat) and nutrients (energy, carbohydrates, protein, fat, fiber, calcium, vitamin C and iron). Subjects and setting: A total of 237 pupils (11-14 y) from two primary and four secondary schools (study 1: n ¼ 136; study 2: n ¼ 101) in Belgium-Flanders. Results: YANA-C proved to agree well with both standard methods in categorizing subjects in consumers and nonconsumers (k study 1 ¼ 0.48-0.92; k study 2 ¼ 0.38-0.90). Spearman's correlations for energy and nutrient intakes ranged between 0.44 and 0.79 for study 1 and between 0.44 and 0.86 for study 2. Nutrient and energy intakes were in general (excluding calcium) significantly higher in YANA-C in comparison with the food record, but not in comparison with the interview (only fiber). Statistics used to investigate whether YANA-C agreed with the other methods in ranking portions/amounts in consumers only were fair to moderate for most of the food groups (weighted k study 1 ¼ 0.11-0.55; study 2 ¼ 0.04-0.73); amounts in consumers only, were significantly lower in YANA-C against both standards for cereals; amounts were significantly higher in YANA-C against the food record for milk, soft drinks, sugar/sweets and savoury snacks and against the interview for potatoes. Only a few pupils evaluated the program negatively. Conclusion: YANA-C is a promising method to collect detailed dietary information from young adolescents with relatively low staff resources, useful in many nutrition research applications.
Introduction
The importance of developing healthful eating habits during childhood and adolescence is self-evident. The diet of children and adolescents must be adequate to support normal, and sometimes very rapid, growth and development (Spear, 2002) . In addition, poor eating habits, initiated early in life, may lead to long-term health problems, such as coronary heart disease, cancer, stroke, hypertension and osteoporosis (Centers for Disease Control and Prevention, 1997) .
In order to monitor young people's food consumption and to develop and evaluate relevant, comprehensive policies, programs and practices that influence their eating patterns, it is necessary to know what they eat and whether specific population groups are particularly at risk.
Standard measurement instruments for assessing information on a wide range of foods and nutrients are food diaries, repeated 24-h recalls and food frequency questionnaires. The major limitations of the food frequency questionnaire are that the quantification of intake is not as accurate as with recalls or records and that many details of dietary intake are not measured (Thompson & Byers, 1994) . Therefore, the food frequency questionnaire may not be the most appropriate method to use in intervention studies as they may not be sensitive enough to detect sometimes quite subtle dietary changes nor for surveillance and monitoring where accurate absolute intakes are required (Cade et al, 2002) .
Food diaries and 24-h recalls are, however, often not possible, especially in large-scale surveys due to the financial and human resources needed to code the diaries or administer the interviews.
The increased availability of computers in schools and at home, the efficiency and economy (ie complex branching, standardization, no out-of-range data, substantive savings in administrative and data processing costs) and the acceptability in the spirit of respondent preference of computerassisted querying makes it technically, financially and practically feasible and attractive to consider computeradministered querying for future large-scale food surveys.
Hence, in Belgium (Flanders), a self-administered computer dietary assessment program 'Young Adolescents Nutrition Assessment on Computer (YANA-C)' was developed, based on the concept of the 24-h dietary recall.
To our knowledge, only one other study has assessed the relative validity of a computer-administered food recall questionnaire among children and adolescents; 'the Food Intake Recording Software System (FIRSSt)' of Baranowski et al (2002) was somewhat less accurate than a dieticianconducted 24-h recall among fourth-grade children, nonetheless, the results were promising.
The present paper describes the relative validity and respondent acceptability of YANA-C.
Methods
Development of YANA-C YANA-C is a computer program designed for use with children and adolescents aged 11 y and over.
The program consists of a single 24-h recall and is structured according to six meal occasions (breakfast, midmorning snack, midday meal, afternoon snack, evening meal and evening snack) embedded within questions that take the participants through a range of sequential activities (ie when they woke up, what they did during the morningy). These extra questions provide a context, which helps to recall what they ate (Edmunds & Ziebland, 2002) .
For every meal occasion, participants were invited to select all food items eaten at that occasion. More than 400 food items, hierarchically organized in 18 food groups, could be selected (Figure 1 ). The 18 food groups ('beverages', 'potatoes, rice and pasta', 'mixed dishes and soup', 'vegetables', 'fruit', 'bread, cereals, toast, croissants', 'milk and milk products', 'cheese', 'eggs', 'sliced cold meat (sandwich filling)', 'meat, poultry and game', 'fish', 'meat substitutes', 'sugar, sweet sandwich filling and sweet sauces', 'sweets, chocolate and cookies', 'cake and pastry', 'crisps, nuts and savoury snacks', 'butter, fat, oil, and sauces') were selected based on expert opinion from the first author and a dietician. The selection of the food items was based on 7 day-estimated diaries of a recent study in adolescents (Matthys et al, 2003) . Items not listed in the menu could be added by clicking a 19th group labelled 'items not found'. Food items that could belong to several food groups were repeated in the different groups (eg apple sauce was put in both the fruit and vegetable groups as it is often consumed as a vegetable, fresh cheese was put in both the cheese and the milk products groups).
For each food item, the participants could type in the amount consumed in a text box or could modify the standard serving size with two command buttons (more/ less). Selected items could be modified or removed at any time.
For 81 items, photographs were provided that changed in portion size every time a participant pushed the 'more' or 'less' button (ie eight photographs of melon, going from one to eight pieces) (Figure 2 ). For 39 items, several portions were shown on the screen and the consumed amount could be selected by clicking on the portion (ie five different jars of yoghurt). For beverages it was possible to select a glass or cup that resembled their own glass or cup. In total, about 800 photographs were available in the program.
For 134 items, a box appeared on the screen probing for foods often eaten in combination with other items (ie selecting a portion of French fries, the box indicated: 'Don't forget mayonnaisey') or giving extra information (ie butter: 'count one tablespoon of butter for each slice of bread, 1.5 or two tablespoons if you use a lot of butter').
When the respondents clicked on 'meal completed' in the menu, the program checked whether they drank something with that meal; if not, they were asked about it and given the opportunity to complete the meal. In addition, the consumption of milk was checked if they ate cereals and the consumption of butter if they ate bread. When the whole day was completed, a comparable check was performed for fruit, vegetables and sweets. Finally, when all meals were completed, participants were asked to check an overview of everything they had eaten that day.
Microsoft Visual Basic s 6.0 was used to develop the program.
Agreement of YANA-C with the standard methods YANA-C was compared with a 1-day food record (study 1) and a 24-h dietary recall (study 2).
Data were collected in January 2004. The ethical board of the University Hospital of Ghent approved the study.
Study 1: agreement with a 1-day food record Pupils of two secondary schools (12-14 y of age) completed a 1-day estimated food record and YANA-C.
The food record was a three-page semistructured diary divided into six eating occasions, subdivided into food groups, in which information on the type (including brand) and amount of food consumed was collected through an open-entry format.
Two last-year dietetic students visited the pupils on three occasions. On day 1, pupils were instructed how to complete the food record. The estimation of portion sizes in terms of household measures, pack sizes and units was given special attention. On day 2, pupils completed the food record and the dietetic students visited the classrooms to encourage the pupils to complete the food record. At the same time, the food record was reviewed to ensure adequate documentation. On day 3, a short introduction to YANA-C was given; the pupils completed YANA-C without the aid of the dietary record and under supervision of the dietetic students, and subsequently their food record was checked for incompleteness.
The completed food record was processed by the dietetic students into food quantities (g) and codes by means of a standard manual on food portions and household measures (Health Council Belgium, 1997) and the software package developed by the Unilever Company in the Netherlands (1995).
Finally, both schools were visited a fourth time, 7 days after the pupils completed YANA-C the first time, to investigate if pupils, on a group level, completed YANA-C a second time as accurately as the first time. This is important if more than 1 day of dietary data has to be collected from the same respondents. We hypothesised that if pupils got bored, they would be less motivated to accurately complete the program, resulting in overall lower outcome values for the second measurement. Moreover, this comparison could give an indication of an effect of recording in the diary on the accuracy with which YANA-C was completed the first time.
All pupils of one class of each school were asked to complete YANA-C a second time. 
Study 2: agreement with 24-h dietary recall interview
Pupils of two primary (11-12 y of age) and two secondary schools (12-14 y of age) participated in the validation of YANA-C against the 24-h dietary recall interview. Pupils from the secondary schools were randomly selected (1-3 pupils per class) from another study in which the pupils completed YANA-C and a questionnaire on TV-viewing behavior and food habits.
A researcher guided the pupils completing YANA-C. The researcher went briefly through the introduction page to ensure that the pupils read the instructions. For the elementary school pupils, the location of some very common food items was indicated.
Furthermore, two dietetic students conducted one-on-one interviews with the pupils using laptop computers with the Unilever software package (1995). Glasses and cups were available to indicate portion sizes.
Respondent acceptability of YANA-C After completing YANA-C, the pupils of study 1 and the primary school pupils of study 2 were asked to complete another small survey, which requested information on their PC experience ('How many hours a week do you usually work on a computer? (1 ¼ rarely or never; 8 ¼ more than 20 h'), their general attitude towards computers ('Do you like working on a computer?') and their acceptability of YANA-C (six items: eg 'Were the photographs clear?', 'Was it easy to complete the program?'). All attitude items were measured on a five-point scale.
Analysis
The total intake of 18 food groups (fruit, fruit juice, vegetables, potatoes, bread, cereals, milk, cheese, other milk products, soft drinks, diet soft drinks, sugar/sweets, pastry/ cookies, savoury snacks, sauces, eggs, fish and meat) were calculated.
Spearman's correlations between YANA-C and the standard methods were computed for the intake of the 18 food groups.
Respondents were divided into consumers (those who had eaten something from the food group) and nonconsumers for each food group, and percentage agreement (matches (regarding being a consumer or not) in YANA-C and the Young adolescents' nutrition assessment on computer CA Vereecken et al criterion measure), percentage intrusions (consumer in YANA-C but not in the criterion measure), percentage omissions (consumer in the criterion measure, but not in YANA-C) and kappa statistics, which correct for chance agreement (Kramer & Feinstein, 1981) For respondents who were consumers in YANA-C and the criterion measure, mean (g) and standard deviation (s.d.) were computed and compared using the Wilcoxon signedrank tests and Spearman's correlations. The total intakes of the 18 food groups were recoded into tertiles for those food groups where more than 15 respondents were consumers in YANA-C and the validation standard. The percentages classified into the same and opposite categories and weighted kappas were computed as described by Kramer and Feinstein (1981) , with weights assigned as follows: 0 ¼ perfect agreement, 1 ¼ one-category disagreement and 2 ¼ two-category disagreement.
The total energy and nutrient intakes (fat, carbohydrates, protein, fiber, calcium, vitamin C and iron) were computed using the Belgian (NUBEL, 1999) and the Dutch Food Composition Tables (NEVO, 1996) . Wilcoxon signed-rank tests, Spearman's correlations and the Bland and Altman (1986) method were used (mean and s.d. of the difference of YANA-C and the validation standard are presented) to compare the total energy and nutrient estimates for YANA-C against the validation standards. Finally, the energy and nutrient intakes were recoded into tertiles, the percentages classified into the same and opposite categories and weighted kappas were computed.
To investigate if YANA-C was in general as accurately completed a second time, Wilcoxon signed rank tests were used to compare the intakes of the 18 food groups, energy and nutrients on a group level of the pupils who completed YANA-C twice.
Spearman correlations were computed between the evaluation items and the pupils' PC experience and their general PC attitude, respectively.
Results
Study sample Study 1. Of the 145 pupils approached for participation, none refused to participate. However, four did not have their food record with them on the day that the records were collected. Five cases were lost due to a program error. Mean age of the participants was 13.3 (s.d. ¼ 0.7) years; 32% were boys.
Study 2. Of the 48 elementary school children and 55 secondary school pupils approached for participation, none refused to participate. However, two were excluded for analysis; one was ill on the day prior to the data collection, and one reported only to have drunk water. Mean age of the participants was 12.4 (s.d. ¼ 0.9) years; 54% were boys.
Agreement of YANA-C with the standard methods
Comparing YANA-C with the standard methods resulted in a high percentage of matches ranging from 67 to 97%, with an average of 90% matches with the food record and an average of 89% with the interview (Table 1) . Intrusions varied from 0 to 18%, with an average of 5% with both formats; omissions varied from 0 to 28% with an average of 5 and 6% with the food record and the interview, respectively. Kappa statistics ranged between 0.38 and 0.92, with an average of 0.73 and 0.70 against the food record and the interview, respectively.
Comparing the amounts consumed of the different food groups for those who consumed the food items according to YANA-C and the validation standards, showed a significantly higher estimate in YANA-C against the food record for milk, soft drinks, sugar and sweets and savoury snacks and against the interview for potatoes. A significantly lower estimate of cereals was found against both formats (Table 2 ). Spearman's correlations between estimates for YANA-C against the food record were on average 0.56 and against the interview 0.52. On average 56 and 59% were classified into the same tertile and 8 and 7% into the opposite tertile, against the food record and the interview, respectively. Weighted kappas ranged between 0.04 and 0.73, with an average of 0.41 in comparison with the food record and of 0.42 in comparison with the interview.
Spearman's correlations for the total sample (consumers and nonconsumers) between YANA-C and the food record were on average 0.74 (ranging between 0.43 for sauces and butter and 0.91 for fish and cereals) and against the interview 0.72 (ranging between 0.33 for sauces and butter and 0.86 for fruit juice, cereals and milk) (data not shown).
Comparing energy and nutrient estimates of all participants based on YANA-C and based on the standard methods showed an overestimation for most items in comparison with the food record, and no significant difference for all items except fiber in comparison with the interview (Table 3) . Correlations between YANA-C and the food record were on average 0.62 and between YANA-C and the interview 0.67. In comparison with the food record, on average 56% were classified into the same tertile and 6% into the opposite tertile; in comparison with the interview 61% were classified into the same tertile and 5% into the opposite tertile. Weighted kappas were on average 0.44 in comparing YANA-C with the food record and 0.50 in comparing YANA-C with the interview.
Respondent acceptability of YANA-C In all, 37 pupils completed YANA-C a second time. Wilcoxon signed-rank tests comparing intakes of food groups, nutrients and energy of the first and second measurement occasion, resulted in only two significant differences: a higher consumption of eggs and a higher intake of fiber was found on the first occasion (Table 4) .
In all, 181 pupils completed the short evaluation survey. Only a few pupils evaluated the program negatively (Figure 3) . None of the correlations between PC experience and the evaluation items was significant. Only one correlation between general PC attitude and the evaluation items was significant: pupils who like to work on a computer more found it easier to find the food items.
Discussion
In the present paper, the computer program YANA-C is evaluated.
The greatest obstacle to validate a dietary assessment method is the lack of a method that is known to be free from bias (Klaver et al, 1988) . The weighed and estimated food records are regarded as the 'gold standard' against which other assessment methods are often compared. Major strengths of food records compared with methods based on recall include the greater precision in determining food amounts and less reliance on memory (Buzzard et al, 1996) . Major limitations of food records are the tendency for people to eat differently when recording their intakes (Thompson & Byers, 1994) and the dependency on the accuracy and completeness of respondents' self-reports (Prochaska & Sallis, 2004) . Moreover, reporting in a diary, might focus respondents' attention on the foods consumed (Cade et al, 2002) resulting in more accurate remembering, and hence more accurate reporting when they are asked to complete YANA-C, than in the main investigation where YANA-C is to be used independent of any other assessment method. Therefore YANA-C was compared with a second validation standard, namely the 24-h recall interview. The latter does not interfere with the subject's everyday life and eating habits. A major disadvantage of the 24-h recall is, however, its reliance on memory and on the conceptualization skills of the subject (Bingham et al, 1988) .
Several approaches were used to evaluate the agreement between YANA-C and the validation standards, as there is no consensus in the literature on the best statistical method for assessing the validity of dietary assessment tools (Masson et al, 2003) .
YANA-C and the standard methods agreed well on categorizing consumers and nonconsumers: only the kappa statistics for sauces and butter vs food record (0.49) and interview (0.38) and for pastry and cookies vs food record (0.48) were fair to moderate. Other studies have also reported that food items most often omitted or least accurately recalled are 'added foods', such as condiments, butter/ margarine and salad dressing, (Domel et al, 1994; Baxter et al, 1997; Weber et al, 2004) as well as sweets and desserts (Weber et al, 2004) .
Our results indicated that the number of phantom foods (intrusions) was comparable to the number of omissions, whereas in the study of Baranowski et al (2002) -the only other study that assessed the validity of a 24-h recall software system-as well as in other studies comparing recall interviews with observations, phantom foods were less common than omitted foods (Baxter et al, 1997 (Baxter et al, , 2002 (Baxter et al, , 2004 Baxter, 2003; Weber et al, 2004) . In comparison with a 24-h dietary recall interview Baranowski et al (2002) found 24% omission and 15% intrusion rates. Comparing the absolute values of these rates with our results is, however, difficult due to differences in data analyses (eg Baranowski et al matched on individual food items by meal while we matched on food groups and the studies of Baxter and colleagues concentrated on school meals and used other definitions of match, omission and intrusion rates). Statistics used to investigate whether YANA-C agreed with the other methods in ranking portions/amounts of consumers were fair to moderate for most of the food groups: Spearman's correlations were on average 0.56 and 0.52, percentages classified into the same tertile were on average 56 and 59%, percentage classified into the opposite tertile were on average 8 and 7% and weighted kappas were on average 0.41 and 0.42 against, respectively, the diet record and the interview. Moreover, one must consider that for the total sample, Spearman's correlations are in general higher.
Concerning nutrients, Masson et al (2003) advises, for studies designed to establish the validity of a dietary assessment tool for future epidemiological research, Spearman's correlations above 0.5, more than 50% of subjects correctly classified and less than 10% of subjects grossly misclassified into thirds and weighted kappa values above 0.4. For most nutrients and energy our results fulfil these requirements, indicating that our instrument can replace the food record and the dietary interview if the purpose is to rank individuals.
In the study of Lytle et al (1993) Spearman's correlations between 24-h recalled and observed nutrient intake of third grade children (ranging between 0.45 and 0.80) were comparable to those found in our study (ranging between 0.44 and 0.86). In the study of Van Horn et al (1990) the correlations were slightly higher (0.64-0.96). Samuelson (1970) reported correlations for energy between chemical analyses of a double portion of lunch and recalled lunch of 0.68 and 0.71 for 8 and 13 y olds, respectively. Correlations of energy and nutrients between observed and recalled intakes of school meals ranged between 0.52 and 0.86 in the study of Weber et al (2004) and between 0.35 and 0.79 in the study of Lytle et al (1998) . Wilcoxon signed-rank tests were used to investigate systematic differences. A significantly lower estimate of portion size/amount consumed was found for cereals in YANA-C against both formats. A significantly higher estimate was found for several estimated portions/amounts (milk, soft drinks, sugar and sweets and savoury snacks) and for energy and all nutrients except calcium against the food record, while only the portion size of potatoes and the intake of fiber was overestimated in comparison with the interview format. In the literature as well underestimation of energy intake in food recalls in comparison with the validation standard (Van Horn et al, 1990; Mullenbach et al, 1992) as overestimation (Samuelson, 1970; Lytle et al, 1993 Lytle et al, , 1998 , as no significant difference (Crawford et al, 1994; Weber et al, 2004) has been found. Also for other nutrients, the literature suggest no distinct pattern (Mcpherson et al, 2000) .
It is not surprising that YANA-C and the interview are more alike considering both are 24-h recalls, and hence their sources of error might be more correlated. Nevertheless, classification into consumers and nonconsumers, Spearman's correlations, crossclassifications and weighted kappas indicated in general very similar agreement against both standard methods.
Comparing the sizes of the differences in mean intakes against the food record showed that these could be considered as acceptable for the nutrients and energy, whereas they were rather substantial for the estimated portion sizes of cereals, sweets and sugar and savoury snacks. However, the validation standards are also not free from error. In addition, the estimation of portion size, rather than direct weighing, introduces imprecision in the diet record as well (Bingham, 1991) : for groups this error may be small and of little importance, but for individuals it may be large (Bingham et al, 1988) . Hence, also the large standard deviations of the mean differences between YANA-C and the validation standards could have been expected. A weighed record was however, practically and financially not feasible in our study.
Comparing outcome measures from children completing YANA-C twice with an interval of 1 week, resulted in only two significant differences, indicating that respondents were willing to complete the program the second time as accurately as the first time. Moreover, this indicated that the effect of recording the food intake into a diary did not result in better recall of what was consumed. Nevertheless, these findings are based on the data of a relatively low number of respondents (n ¼ 37) and need to be confirmed in a higher powered study sample.
YANA-C was well received by most pupils: this is not unimportant considering adolescents at this age become less interested in participating in dietary studies than younger children. Moreover, their great food requirements, unstructured eating patterns and increased degree of out-of-home eating, may cause forgetfulness, irritation and boredom, resulting in noncompliance when intakes have to be recorded on an almost hour-to-hour basis (Livingstone & Robson, 2000) . Therefore YANA-C, a computer-assisted 24-h recall, might be an attractive alternative, useful in many nutrition research studies. In addition it might be a costeffective means as one researcher can easily guide 15-20 respondents at the same time if sufficient computer facilities are available. The latter is usually not a problem in secondary schools, where one or more computer labs are available. In primary schools, however, the number of available computers is usually more limited, moreover, the available computers might be older (slower, often with deficienciesy), and are often distributed over the different classes.
Finally, the program can be completed self-administered, nevertheless, we advise the presence of an experienced researcher: a short introduction and some assistance if a food item cannot be easily retrieved in the program might prevent unnecessary loss of time, moreover the researcher could do a final visual check before ending the program.
